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(a) 091!2'3,"' 'BF—1
0 1 PN m F_1
(b) F F+1 F+_m ZF.—1
@®-1F | G-DF+1| - | B-DFm| - BF-1
CO C]. e Clll are CF‘].
0 m A 1 F-1
(¢) F F+m o FH - 2F-1
B-DF | BDFm| - | @DFH| - BF-1
CO Cm C1 CF—I
(d) |0,F -, B-1)F | m, F+m, *--, B-1)F+m | --- | F-1,2F-1, -+,  BF-1

Co Ca Cp1



US 2008/0165757 Al

Jul. 10, 2008 Sheet 6 of 28

Patent Application Publication

L€'t '9 "% "9 "% 8 swiog
€5'10"% "% b swoy
1y 0y 2 swoZ
%0 | swol
NH3LLYd DNIZINOGNYH NNNT00 NARIOR 0T Nvds oNiAva LN

9 'OId




Patent Application Publication Jul. 10,2008 Sheet 7 of 28 US 2008/0165757 A1

FIG. 7
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FIG. 14
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FIG. 17

N
ﬁ ™
Fefof e & WRITE

: DIRECTION

Rojolojelejelelele;

/ PPPOOOOO0O
READ e e e 1 INTERLEAVE

DIRECTION MEMORY

-

1

XOOX | xXOOX | x00X]| ++ .. | XOOX | XOOX

SECOND SLOT -——
THIRD SLOT —-—~——

FIRST SLOT
NTH SLOT

- N SLOTS >



US 2008/0165757 Al

Jul. 10, 2008 Sheet 18 of 28

Patent Application Publication

FIG. 18

2N

INTERLEAVE
MEMORY

-
P
-

SN

_k( falV N oSV aNVE SV o
AN NN AN AN

— 101S H19} 40 SIVHH3 LIV
— 101S H19} 40 4TvH LSHIS

=

— 1015 ONOJ3S 40 4TYH H3LIVT
— 1075 NOJ3S JO 41VH LSHI3—>
— 1075 1SHI4 40 SIVH HILLV1 //'

—® 1015 1SHi4 40 47vH LSHId /

uuuuuu

llllll

SLOT

N SLOTS




US 2008/0165757 Al

Jul. 10, 2008 Sheet 19 of 28

Patent Application Publication

(Ligt)
TYNDIS V1va
2Sd 2Sd 2Sd / 2sd
& - & :
F 1 : 1 sdoyg
\w - 1 & L § ] L ..—.
5d (uay) 8¢ NOISSINSNYHL
wmm TYNDIS YLYa \Nmn_ 1SHNg
15d 28d  oeswy M4, g
4 .
2 (SLIgzE) (sdgpiee)
1] WNDISVLVa NOISSINSNVHL
7T " SNONNILNOD
1Sd 1Sd 1Sd 108 g4



US 2008/0165757 Al

Jul. 10, 2008 Sheet 20 of 28

Patent Application Publication

(s.L1g8)
scq NOISYLVD oo,
p, / )
Bis § &
5@,. | 1Sd
(sLigal)
d ynoisviva <5
- R i m. R
§: sdag}
7 S
1 (sL1aze) 28
& 1 WNDISYIVA |
[ [~ r
15d 1Sd 1098 o4

NOISSINSNYH1
154Ny

(sdopiee)
NOISSIWSNYHL
SNONNILNOD



Patent Application Publication

Jul. 10, 2008 Sheet 21 of 28

US 2008/0165757 Al

FIG. 21
PILOT \' sLoT "~ CONTROLBITS
PHYSICAL CHANNELA | | P c /
PHYSICAL CHANNEL B 0
(

DATABITS



Patent Application Publication Jul. 10,2008 Sheet 22 of 28 US 2008/0165757 A1

FIG.22
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FIG.23
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218, filed Sep. 15, 2005 (now U.S. Pat. No. 7,149,207), which
is a continuation of U.S. application Ser. No. 09/720,260,
filed Feb. 26, 2001 (now U.S. Pat. No. 6,956,842), which is a
National Stage application of PCT Application No. PCT/
JP00/02962, filed May 9, 2000, and further claims priority to
Japanese Application No. 11-129056, filed May 10, 1999.
The entire contents of the above applications are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to an interleaving tech-
nique for improving an ability of error correcting code against
a burst error. More particularly, the present invention relates a
method and an apparatus for multiplexing channels by using
an interleaving method in which randomness of data is
increased so that an effect of interleaving is improved.
[0003] In addition, the present invention relates to a data
transmitting method which is used applicably in combination
with a data receiving method of performing synchronous
detection by using an interpolation pilot signal.

BACKGROUND ART

[0004] Inadigital transmission of a mobile communication
system and the like, due to a multipath fading caused by
reflection by a building and the like, the level of a receiving
signal changes by large amounts temporally so that code
errors such as burst errors occur. Thus, various error correct-
ing codes are used. In the error correcting codes, an interleav-
ing technique is used for improving correcting ability for the
burst error. The proprieties of the interleaving technique
determines the ability of the error correcting code for the burst
error.

[0005] As is known to a person skilled in the art, the object
of'the interleaving method is to randomize a sequence of input
bit series and a sequence of output bit sequence. FIG. 1, shows
an example of the interleaving method according to a con-
ventional technique. In this figure, an example is shown in
which interleaving process is performed to data 101 of one
frame which is configured by 1152 bits. An array 110 has a
buffer of NxM (N rows and M columns). The interleaving
process is realized such that, for example, 16 bits are written
to this buffer in the row direction like a row vector 115 which
is indicated by a diagonally shaded area A and 72 bits are read
out in the column direction like a column vector 120 which is
indicated by a diagonally shaded area B.

[0006] By the way, it is becoming required that various
apparatuses in the mobile communication multiplex a plural-
ity of channels for data transmission. FIG. 2 shows an
example of a data multiplexer according to a conventional
technique. The data multiplexer 30 includes channel coding
parts 32, 34, transmission line interleavers 36, 38, frame
segmenting parts 40, 42, a sub-block/multiplexing part 44 and
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aphysical channel mapping part 46. The frame is assumed to
be a fixed time length which is the same as the minimum
interleaving span.

[0007] In the figure, the channel coding part 32, the trans-
mission line interleaver 36 and the frame segmenting part 40
perform an interleaving process of a logical channel A and the
channel coding part 34, the transmission line interleaver 38
and the frame segmenting part 42 perform an interleaving
process of a logical channel B. The interleaving process is
performed, for example, by the above-mentioned method.
[0008] Thelogical channel A has acoding block size L, and
an interleaving span I ,. The logical channel B has a coding
block size L5z and an interleaving span 1. The interleaving
span I, is not necessarily the same as the interleaving span I.
In each channel, each of the frame segmenting part 40, 42
performs segmentation for multiplexing after performing
error correction and interleaving, then multiplexing is per-
formed segment by segment. According to the configuration,
the difference between interleaving spans of channels is
absorbed. In addition, the sub-block/multiplexing part
divides frame data of each channel into sub-blocks having
proper size beforehand and multiplexes each channel data
alternately by the sub-block such that bits of the two logical
channels are distributed uniformly over frames as possible.
[0009] By the way, in the field of the mobile communica-
tion, since the mobile station moves at high velocity, it is
necessary to keep stable operation even under an environment
of'a high fading pitch. Therefore, it is performed to send pilot
signals which indicate reference phase of modulation in a
predetermined cycle. An interval between a pilot signal and
next pilot signal is called a slot in which data signals are
placed. Then, a receiving side which receives signals config-
ured by the slot obtains the reference phase in a slot interval
by using interpolation based on a pilot signal in the head part
of'the slot and a pilot signal in the end part of the slot. Then,
the receiving side performs synchronous detection based on
the reference phase which is interpolated. This method of
obtaining the reference phase adaptively is often called syn-
chronous detection using interpolation pilot signal. There are
various methods similar to this method, in which, it is gener-
ally performed that interpolation coefficients are decided
according to time from each pilot signal.

[0010] Itis performed to transmit burst data for performing
variable rate data transmission. In terms of this case, a tech-
nique has been developed in which data signals in one slot are
placed to be adjacent to the pilot signal (TECHNICAL
REPORT OF IEICE, RCS95-166).

[0011] With respect to this point, a concrete description
will be given with reference to FIG. 3. FIG. 3 is a figure which
shows relationships between the pilot signal and the data
signals according to a conventional technique. In this
example, the interval of one slot is 1 msec. In addition, when
the transmission rate of the data signals is 32 kbps, 32 bit data
signals are placed between the pilot signals PS in which
continuous transmission is performed. On the other hand,
when the data transmission rate is lower than 32 kbps, burst
transmission is performed. For example, when the transmis-
sion rate is 16 kbps, as shown in the figure, 16 bits of data
signals are placed adjacent to the pilot signal PS in the head
part of the slot.

[0012] However, in the data multiplexer 30 according to the
conventional technique, each of the transmission line inter-
leaver 36, 38 needs to perform different bit interleaving for
input data of different block sizes and different interleaving
spans. Therefore, there is a problem in that the process is not
performed effectively.
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[0013] Inthedata transmit/receive method using the above-
mentioned interpolation pilot signal, when S/N of the trans-
mission line is low so that transmission quality is bad, high
level noise is superimposed in received pilot signals. Thus,
large error is included in a phase measuring result by using the
pilot signal PS. As mentioned above, the reference phase in a
slot interval is adaptively estimated in which interpolation
coefficients are decided according to times from the pilot
signals PS of the head part and the end part. Therefore, near
the pilot signal PS, noise is not uniformed so that estimation
error becomes large. Thus, there is a problem in that, when
data signals are placed adjacent to the pilot signal PS of the
head part, a large influence is exerted on the phase so that the
transmission quality is deteriorated.

[0014] Ontheotherhand, when noiseis enough small or the
fading pitch is high, influence of phase change due to fading
is larger than that due to noise. In this case, transmission
quality can be improved by placing data signals near the pilot
signal PS.

[0015] Solutions for the above-mentioned problems of the
data transmit/receive method are proposed in Japanese patent
application No.8-111644. However, an interleaving method
applicable for flattening data quality in a flame when data bits
are interleaved is not disclosed.

DISCLOSURE OF THE INVENTION

[0016] The present invention is contrived in the light of the
above-mentioned matters. It is a first object of the present
invention to provide an effective data multiplexing method
and a data multiplexer wherein multiplexing bits are distrib-
uted by performing an interleaving process properly and an
error correction ability is exerted at the maximum so that data
transmission quality is improved.

[0017] It is a second object of the present invention to
provide a data transmitting method and a data transmitter in
which interleaving process applicable to a data transmit/re-
ceive method using the interpolation pilot signal is performed
and data quality in a frame is flattened by placing data signals
properly in a slot so that transmission quality is improved.
[0018] Further, a third object of the present invention is to
provide a data transmitting method and a data transmitter
which have both effects of distributing multiplexing bits and
flattening data quality in a frame in which the data multiplex-
ing method and the data multiplexer of the first object are
combined with the data transmitting method and the data
transmitter of the second object.

[0019] A common object of the present invention is to
improve data transmission quality.

[0020] Inorder to achieved the above object, the invention
described in claim 1 is a method of multiplexing channels,
comprising:

[0021] a coding step of coding input data for each input
channel;

[0022] a step of multiplexing the data which is coded;
[0023] a step of performing an interleaving process on the

data which is multiplexed; and

[0024] a step of outputting the data on which the interleav-
ing process is performed to a physical channel.

[0025] According to the invention, a complex multiplexing
part having a sub-block part can be simplified. In addition,
since an interleaver is used for each channel commonly, hard-
ware size can be decreased.
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[0026] In the invention described in claim 2, the interleav-
ing process includes the steps of:

[0027] writing data into an interleaver;

[0028] randomizing columns of the interleaver; and
[0029] reading data from the interleaver.

[0030] According to the invention, since multiplexed bits

are distributed in a whole frame, error correction ability can
be improved.

[0031] Inthe invention described in claim 3, the number of
columns of the interleaver is an integral multiple of the num-
ber of slots of an output data frame.

[0032] Inthe invention described in claim 4, the number of
columns of the interleaver is 16 or 32.

[0033] Inthe invention described in claim 5, the number of
columns of the interleaver is 15 or 30.

[0034] According to the invention, since the pilot symbols
and the data bits can be placed continuously, apparatuses can
be simplified comparing with other methods.

[0035] Inthe invention described in claim 6, a pattern used
for the randomizing is an interleave pattern suitable for a
transmission line interleaver.

[0036] According to the invention, interleaving that best
suits data transmission can be performed.

[0037] In the invention described in claim 7, the method
further includes, after the coding step:

[0038] a step of performing another interleaving process;
and
[0039] a step of segmenting data on which the another

interleaving process is performed.

[0040] According to the invention, when a block size of
input data exceeds a frame length, since inter-frame interleav-
ing is performed beforehand, the block size of the interleaver
in the interleaving process described in claim 2 can be the
same as the frame size.

[0041] The invention described in claim 8 is a data multi-
plexer for multiplexing channels, comprising:

[0042] coding means for coding input data for each input
channel;
[0043]

is coded;
[0044] an interleaver for performing an interleaving pro-
cess on the data which is multiplexed; and

[0045] output means for outputting the data on which the
interleaving process is performed to a physical channel.
[0046] In the invention described in claim 9, the interleav-
ing process includes the steps of:

multiplexing means for multiplexing the data which

[0047] writing data into the interleaver;

[0048] randomizing columns of the interleaver; and
[0049] reading data from the interleaver.

[0050] Intheinventiondescribed inclaim 10, the number of

columns of the interleaver is an integral multiple of the num-
ber of slots of an output data frame.

[0051] Intheinventiondescribedinclaim 11, the number of
columns of the interleaver is 16 or 32.

[0052] Intheinventiondescribedinclaim 12, the number of
columns of the interleaver is 15 or 30.

[0053] Intheinvention describedinclaim 13, a pattern used
for the randomizing is an interleave pattern suitable for a
transmission line interleaver.

[0054] In the invention described in claim 14, the method
further includes:

[0055] another interleaver for performing another inter-
leaving process after the coding; and

[0056] segmenting means for segmenting data on which the
another interleaving process is performed.
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[0057] According to the invention in claims 8-14, the same
effect can be obtained as the invention in claims 1-7.

[0058] The invention described in claim 15 is a data trans-
mitting method which is used in combination with a data
signal receive method comprising the steps of regenerating
reference phase in each timing of modulated data signals on
the basis of each pilot signal which indicates reference phase
of modulation and demodulating the data signals, the data
transmitting method comprising the steps of: sending the data
signals burstly; configuring slots by placing the data signals
between pilot signals; and sending the slots,

[0059] the data transmitting method further comprising:
[0060] an interleaving step of performing an interleaving
process on the data signals;

[0061] a step of dividing data signals to be sent in a slot
interval into a plurality of data blocks; and

[0062] a step of distributing the data blocks in the slot,
[0063] the interleaving step including a step of performing
the interleaving process by using an interleaver in which the
number of columns of the interleaver is twice as many as the
number of slots in a frame of the data signals.

[0064] According to the invention, error rate of data trans-
mission can be decreased and bit quality in a frame can be
flattened.

[0065] The invention described in claim 16 is a data trans-
mitting method which is used in combination with a data
signal receive method comprising the steps of regenerating
reference phase in each timing of modulated data signals on
the basis of each pilot signal which indicates reference phase
of modulation and demodulating the data signals, the data
transmitting method comprising the steps of: sending the data
signals burstly; configuring slots by placing the data signals
between pilot signals; and sending the slots,

[0066] the data transmitting method further comprising:
[0067] a coding step of coding data signals for each chan-
nel;

[0068] astep of multiplexing data signals for each channel;
[0069] an interleaving step of performing an interleaving

process on the data signals which are multiplexed;
[0070] a step of dividing data signals to be sent in a slot
interval into a plurality of data blocks; and

[0071] a step of distributing the data blocks in the slot,
[0072] the interleaving step comprising:
[0073] astep of writing data into an interleaver in which the

number of columns of the interleaver is twice as many as the
number of slots in a frame of the data signals;

[0074] a step of randomizing columns of the interleaver;
and

[0075] a step of reading data from the interleaver.

[0076] According to the invention, the effect of flattening

bit quality can be obtained while keeping the effect of distrib-
uting bits obtained by the data multiplexing method.

[0077] Intheinvention described inclaim 17, the number of
slots in a frame is 15 or 16. According to the invention, only
by performing randomization of columns, the effect of dis-
tributing bits obtained by the data multiplexing method and
the effect of flattening bit quality can be obtained.

[0078] In the invention described in claim 18, the method
further includes the step of permuting columns of the inter-
leaver partially after the randomizing.

[0079] According to the invention, the effect of distributing
bits and the effect of flattening bit quality can be obtained in
various slot numbers.
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[0080] In the invention as claimed in claim 19, the step of
randomizing columns is performed by using an interleaving
pattern, which is suitable for transmission line interleaving,
for performing randomization of columns and for performing
partial permutations of columns. By using such interleaving
pattern, the effect of distributing bits and the effect of flatten-
ing bit quality can be obtained.

[0081] The invention described in claim 20 is a data trans-
mitter which is used in combination with a data signal receive
apparatus which regenerates reference phase in each timing
of modulated data signals on the basis of each pilot signal
which indicates reference phase of modulation and demodu-
lates the data signals, wherein the data transmitter sends the
data signals burstly; configures slots by placing the data sig-
nals between pilot signals; and sends the slots,

[0082] the data transmitter comprising:

[0083] interleaving means for performing an interleaving
process on the data signals;

[0084] means for dividing data signals to be sent in a slot
interval into a plurality of data blocks; and

[0085] means for distributing the data blocks in the slot,
[0086] the interleaving means including an interleaver in
which the number of columns of the interleaver is twice as
many as the number of slots in a frame of the data signals.
[0087] Also according to the invention, error rate of data
transmission can be decreased and bit quality in a frame can
be flattened.

[0088] The invention described in claim 21 is a data trans-
mitter which is used in combination with a data signal receive
apparatus which regenerates reference phase in each timing
of modulated data signals on the basis of each pilot signal
which indicates reference phase of modulation and demodu-
lates the data signals, wherein the data transmitter sends the
data signals burstly; configures slots by placing the data sig-
nals between pilot signals; and sends the slots,

[0089] the data transmitter comprising:

[0090] coding means for coding data signals for each chan-
nel;

[0091] means for multiplexing data signals for each chan-
nel;

[0092] interleaving means for performing an interleaving

process on the data signals which are multiplexed;
[0093] means for dividing data signals to be sent in a slot
interval into a plurality of data blocks; and

[0094] means for distributing the data blocks in the slot,
[0095] wherein the interleaving means:
[0096] writes data into an interleaver in which the number

of columns of the interleaver is twice as many as the number
of' slots in a frame of the data signals;

[0097] randomizes columns of the interleaver; and
[0098] reads data from the interleaver.
[0099] Intheinvention described inclaim 22, the number of

slots in a frame is 15 or 16.

[0100] In the invention described in claim 23, columns of
the interleaver are permuted partially after the columns are
randomized.

[0101] In the invention described in claim 24, when the
columns are randomized, an interleaving pattern, which is
suitable for transmission line interleaving, for performing
randomization of columns and for performing partial permu-
tations of columns is used.

[0102] According to the invention in claims 21-24, the
same effect can be obtained as the invention in claims 16-19.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0103] FIG. 1 shows an example of an interleaving method
according to a conventional technique;

[0104] FIG. 2 is a block diagram of a data multiplexer
according to a conventional technique;

[0105] FIG. 3 is a figure which shows a slot configuration
relating to a data signal transmission according to a conven-
tional technique;

[0106] FIG. 4 is a block diagram of a data multiplexer
according to an embodiment of the present invention;
[0107] FIG. 5 shows an interleaving method of the data
multiplexer of the present invention;

[0108] FIG. 6 shows an randomizing pattern of a first inter-
leaver;
[0109] FIG. 7 is a figure for explaining an interleaving

method of a second interleaver (conventional method);
[0110] FIG. 8 is a figure for explaining an interleaving
method of the second interleaver according to the present
invention;

[0111] FIG. 9 shows an example of an interleaving process
in the second interleaver;

[0112] FIG. 10 shows an example of an interleaving pro-
cess in the second interleaver;

[0113] FIG. 11 shows column randomization patterns, suit-
able for a transmission line interleaver;

[0114] FIG. 12 is a figure for explaining effects caused by
setting the number of columns of the second interleaver as
multiples of 16;

[0115] FIG. 13 shows a case when the number of columns
of the second interleaver is not set as multiples of 16;

[0116] FIG. 14 shows another example of the data multi-
plexer of the present invention;

[0117] FIG. 15 shows a block diagram of a data transmis-
sion system using a data transmitting method relating to the
present invention;

[0118] FIG. 16 shows first examples of slot configuration of
an embodiment of the present invention;

[0119] FIG. 17 is a figure for explaining a problem which
occurs when the number of slots and the number of columns
are the same in the interleaving process in an interleaving
circuit 14;

[0120] FIG. 18 is a figure for explaining an interleaving
process in the interleaving circuit 14 of the present invention;
[0121] FIG. 19 shows second examples of slot configura-
tions of an embodiment of the present invention;

[0122] FIG. 20 shows third examples of slot configurations
of an embodiment of the present invention;

[0123] FIG. 21 is afigure for explaining parallel pilot trans-
mission;
[0124] FIG. 22 is a figure for explaining an interleaving

method in a case when combining the data multiplexer and
the data transmitter of the present invention (problem when
the number of columns is 16);

[0125] FIG. 23 is a figure for explaining an interleaving
method in a case when combining the data multiplexer and
the data transmitter of the present invention (effect when the
number of columns is 32);

[0126] FIG. 24 is a figure for explaining an interleaving
method in a case when combining the data multiplexer and
the data transmitter of the present invention;

[0127] FIG. 25 is a figure for explaining a method of per-
forming partial permutation of columns in an interleaving
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method in a case when combining the data multiplexer and
the data transmitter of the present invention (when 1
frame=16 slots);

[0128] FIG. 26 is a figure for explaining an interleaving
method in a case when combining the data multiplexer and
the data transmitter of the present invention (when 1
frame=15 slots);

[0129] FIG. 27 shows a state in which interleaved data is
mapped into each slot when 1 frame=15 slots;

[0130] FIG. 28 is a figure for explaining a method of per-
forming partial permutation of columns when 1 frame=15
slots.

PREFERRED EMBODIMENTS FOR CARRYING
OUT THE INVENTION

[0131] FIG. 4 is a block diagram of a data multiplexer 50
according to an embodiment of the present invention which
corresponds to the first object. The data multiplexer 50
includes channel coding parts 52, 54, first interleavers 56, 58,
frame segmenting parts 60, 62, a channel multiplexing part
64, a second interleaver 66 and a physical channel mapping
part 68.

[0132] In the figure, the channel coding part 52, the first
interleaver 56 and the frame segmenting part 60 perform an
interleaving process of the logical channel A. The channel
coding part 54, the first interleaver 58 and the frame segment-
ing part 62 perform an interleaving process of the logical
channel B. Next, the operation of the data multiplexer 50 will
be described by using a data flow which is input from the
logical channel A. The following description also apply to a
data flow input from the logical channel B.

[0133] The channel coding part 52 performs a channel cod-
ing process on data input by the logical channel A. Then, the
interleaving process is performed in the first interleaver 56
when the block size of the data exceeds one frame. The
process in the first interleaver will be called an inter-frame
interleaving process. Next, frame segmenting for multiplex-
ing is performed in the frame segmenting part 60. Then, in the
channel multiplexing part 64, the data of the logical channel
A is multiplexed with data of the logical channel B on which
the same processes has been performed.

[0134] An interleaving process is performed, in the second
interleaver 66, on the data which is multiplexed in this way.
Here, since the inter-frame interleaving process is performed
in the first interleavers 56, 58, the block size of an interleaver
in the second interleaver 66 can be the same as that of the
frame size of the data. The interleaving process in the second
interleaver will be called an intra-frame interleaving process.
Next, the data is mapped to the physical channel by the
physical channel mapping part 68 so that data is output to the
physical channel.

[0135] The above-mentioned inter-frame interleaving pro-
cess in the first interleaver is performed, for example, by using
an interleaving method shown in FIG. 5. In the figure, F
indicates the number of columns of the interleaver, B indi-
cates the number of rows, C,, indicates data of mth column.
As shown in the figure, input data indicated by (a) is written
into a BxF matrix as shown in (b). Then, as shown in (c), the
columns are randomized. After that, data which is interleaved
is obtained as shown in (d) by reading out data column by
column from the matrix shown in (c).

[0136] The method shown in FIG. 5 is different from the
conventional example in that columns are randomized.
Accordingly, performance of interleaving can be improved.
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In addition, additional randomizing can be performed. Such
an interleaving method in which randomizing is performed is
called a multi-stage interleaving method. A detail description
of the multi-stage interleaving method is disclosed in TECH-
NICAL REPORT of IEICE, A*P97-178, RCS97-216, NW97-
161(1998-02), pp. 23-30 (SHIBUTANI, SUDA, ADACHI).
[0137] FIG. 6 shows an example of the randomizing
according to the embodiment of the present invention. As
shown in the figure, when the interleaving spanis 10 ms, since
the frame length and the interleaving span become the same,
the number of columns becomes 1 and the randomizing pat-
tern becomes C,,. That is, data input to the first interleaver is
output as-is. For data in which the interleaving span is equal
to or longer than 20 ms, the randomizing patterns shown in the
figure are used. For example, when the interleaving span is 80
ms, the columns are permutated in an order of C,, C,, C,, Cg,
C,, Cs, C;, C,. The patterns shown in FIG. 6 is suitable for
data transmission. However, other randomizing patterns can
be used.

[0138] Next, the intra-frame interleaving process in the
second interleaver will be described.

[0139] As the intra-frame interleaving process, it is pos-
sible to use the interleaving method described in the back-
ground art. However, for example, when the number of bits of
the logical channel A is smaller than that of the logical chan-
nel B, a phenomenon shown in FIG. 7 occurs. (FIG. 7 shows
a case in which the number of columns 16 of the interleaver is
the same as the number of slots in the frame.)

[0140] That is, when multiplexed data is written in an inter-
leave memory, data amount of the logical channel A in a
frame is small, writing of the data of the logical channel A into
the interleave memory ends halfway through the first row.
After that, data of the logical channel B is written in the
interleave memory. Therefore, as for the output data from the
interleave memory, data bits of the logical channel A are
biased to the first half of the output frame so that error cor-
rection capability of channel coding can not be exerted at the
maximum.

[0141] Thus, in the embodiment of the present invention,
the intra-frame interleaving process is performed by using the
interleaving method shown in FIG. 5. That is, as shown in
FIG. 8, data is output after randomizing columns. Accord-
ingly, bits of the logical channel A are spread out over the
frame so that the above phenomena does not occur. FIG. 8
shows a case when the number of columns is 16. More par-
ticularly, processes shown in FIG. 9 are performed. As shown
in the figure, an input data series shown in (a) is written into
an interleaver shown in (b) having 16 columns. Then, ran-
domizing columns are performed as shown in (¢) according to
a pattern (Co, Cg, Cy. Cy5, Gy, Ch. G, €14, €y, G, Cs, Cy,
C;,C,4, C,, C,5)whichis suitable for data transmission. After
that, data shown in (d) is output. In this example, when assum-
ing 1 frame=16 slots, the number of bits per a slot becomes 10
as shown in (e). Further, FIG. 10 shows an example of an
interleaver having 32 columns. In this case, the number of bits
per a slot is 20.

[0142] As the pattern used for randomizing columns, a
pattern (Cy, Cy 4, Cg, Cpyn Cyy Ca0, €y, o, €, Ci5, €, G
Co:Ca2 C14, G50, Gy, €17, Co, G5, Cs, €y, €3, G, G5, G,
C,,,C5,,C,,C,3,Cy 5, Cy, ) suitable for data transmission can
be used. This pattern is for a case in which the number of
columns is 32(=16x2). FIG. 11 shows patterns, for each num-
ber of columns, suitable for transmission line interleaver.
Every pattern described so far is shown in this figure.
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[0143] Itis effective to set the number of columns as 16 or
16xK (an integer) in a case when 1 frame includes 16 slots.
The reason of this will be described with reference to FIGS.
12 and 13. Here, a case is considered in which data amount to
be sent is half of data bits which can be sent at the maximum
and the data is sent by the first half of the frame.

[0144] FIG. 12 shows output data when the number of
columns=16xK (an integer). In this figure, A indicates a
switching point between transmission ON/OFF. As shown in
this figure, when the number of columns is 16xK (an integer),
an slot interval agrees with a read column of an interleaver so
that it becomes possible to place the pilot symbol and the data
bits continuously.

[0145] FIG. 13 is a figure showing a case when the number
of columns is not 16xK (an integer). In contrast to the case of
the number of columns=16xK (an integer), an slot interval
does not agree with a read column of an interleaver so that the
pilot symbol and the data bits are not placed continuously.
Thus, there occurs some parts in which the transmission
ON/OFF points appear in shorter interval. Since an transmis-
sion amplifier for realizing the transmission ON/OFF of short
interval becomes more complex, it is effective for decreasing
the complexity of the transmission amplifier to set the number
of columns to be 16xK (an integer).

[0146] In addition, when one frame includes 15 slots, the
above mentioned effect can be obtained by setting the number
of columns to be 15xK (an integer).

[0147] When the interleave block sizes of the two channels
of the logical channel A and the logical channel B are the
same or when each of them do not exceeds one frame, the first
interleavers shown in FIG. 4 are not necessary. Therefore, in
such a case, the data multiplexer can be configured as shown
in FIG. 14. Accordingly, the apparatus can be simplified.
[0148] A data demultiplexer which corresponds to the data
multiplexer described so far can be realized by using a
deinterleaver. The configuration of the data demultiplexer is
obvious by a person skilled in the art by referring to this
specification.

[0149] In the following, an embodiment of the present
invention corresponding to the second object will be
described. This embodiment is suitable for a case in which
quality of data signals needs to be flattened when data is sent
burstly.

[0150] In the following, the configuration of the embodi-
ment will be described with reference to FIG. 15. FIG. 15
shows a block diagram of a data transmission system using a
data transmitting method relating to the present invention. As
shown in FIG. 15, the data transmission system includes a
data transmission apparatus 10 in a base station side and
includes a data transmission apparatus 20 in the mobile sta-
tion side. Both of the data transmission apparatus 10 and 20
can send and receive data and can perform two-way simulta-
neous communication. In this example, the base station trans-
mits data to the mobile station. Thus, in the data transmission
apparatus 10 of FIG. 15, parts relating to transmission are
mainly shown, and in the data transmission apparatus 20 of
FIG. 15, parts relating to receiving are mainly shown. The
data transmission apparatus 10 in the base station side
includes, as main parts, an error detection coding circuit 11, a
frame multiplexing circuit 12, an error correction coding
circuit 13, an interleave circuit 14, a slot multiplexing circuit
15, a wireless circuit 16 and an antenna 17. In addition, the
data transmission apparatus 10 includes a receiving part 200
and an antenna 18.
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[0151] The error detection coding circuit 11 generates error
detection code based on user data UD and adds the error
detection code to the user data UD. As the error detection
code, for example, 16 bit CRC code is used. To be more
specific, the user data is divided by a predetermined generat-
ing polynomial and the remainder is added to the user data
UD. The frame multiplexing circuit 12 receives the user data
UD to which the error detection code has been added, trans-
mission rate information which indicates the transmission
rate of the user data UD and tail bits for convolutional coding.
The frame multiplexing circuit 12 forms a frame from these
data according to a predetermined frame format.

[0152] The error correction coding circuit 13 is connected
to the frame multiplexing circuit 12 and performs convolu-
tional coding for the data signals which are formed as the
frame. The interleave circuit 14 performs bit interleaving on
the data signals which are convolutional coded. Accordingly,
burstly continuous errors can be prevented. A detail descrip-
tion on the process in the interleave circuit 14 will be given
later. The slot multiplexing circuit 15 forms slots based on the
bit interleaved data signals and the pilot signals. In this case,
the pilot signals PS are placed in the head part and in the end
part of each slot. In the following description, when the pilot
signal of the head part and the pilot signal of the end part are
described as distinguished from each other, the pilot signal of
the head part will be called a first pilot signal PS1 and the pilot
signal of the end part will be called a second pilot signal PS2.
The wireless circuit 16 modulates signals from the slot mul-
tiplexing circuit 15 and sends the modulated signals via the
antenna 17. As a method of the modulation, for example,
spread spectrum modulation, OPSK and the like can be used.
[0153] Next, the signal which is sent from the data trans-
mission apparatus 10 is received by the data transmission
apparatus 20.

[0154] The data transmission apparatus 20 includes a wire-
less circuit 22, a slot demultiplexing circuit 23, a synchronous
detection circuit 24, a deinterleave circuit 25, an error correc-
tion decoding circuit 26, a frame demultiplexing circuit 27
and an error decision circuit 28. In addition, the data trans-
mission apparatus 20 includes a sending part 100 and an
antenna 29.

[0155] The wireless circuit 22 amplifies the received signal
to a predetermined level. The slot demultiplexing circuit 23
demultiplexes the signal forming each slot into data signals
and the pilot signal PS. The synchronous detection circuit 24
obtains the reference phase of an interval from the first pilot
signal PS1 to the second pilot signal PS2 by using interpola-
tion on the bases of the first pilot signal PS1 and the second
pilot signal PS2. Then, the synchronous detection circuit 24
demodulates signals output from the slot demultiplexing cir-
cuit 23 based on the reference phase obtained by interpolation
s0 as to generate data signals.

[0156] The relationship between the deinterleave circuit 25
and the interleave circuit 14 is complementary, in which the
deinterleave circuit 25 performs deinterleaving on the syn-
chronous detected data signals. The error correction decoding
circuit 26 performs Viterbi decoding on the deinterleaved data
signals. The frame demultiplexing circuit 27 demultiplexes
the output data signals from the error correction decoding
circuit 26 into Viterbi decoded data signals and transmission
rate information. The error decision circuit 28 divides the
Viterbi decoded data signals by the generating polynomial
used at the error detection coding circuit 11, and deletes the
error detection code so as to output the user data UD. In this
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case, if the remainder of the division is 0, it is judged that there
is no error. On the other hand, if the remainder is not 0, it is
judged that there is an error.

[0157] The receiving part 200 provided in the data trans-
mission apparatus 10 includes parts from the wireless circuit
22 to the error decision circuit 28. The sending part 100
provided in the data transmission apparatus 20 includes parts
from the error detection coding circuit 11 to the wireless
circuit 16. In this case, the sending part 100 and the receiving
part 200 communicate by using frequencies different from
frequencies used by the wireless circuit 16 and the wireless
circuit 22. More particularly, signals from the sending part
100 are received by the receiving part 200 via the antenna 29,
18. Accordingly, two-way simultaneous communication can
be performed between the data transmission apparatus 10 and
the data transmission apparatus 20.

[0158] The interleave circuit 14 performs bit interleaving
over a plurality of slots.

[0159] FIG. 16 shows first examples of slot configurations
according to a second embodiment of the present invention.
The slot multiplexing circuit 15, as mentioned above, places
data signals between the first pilot signal PS1 and the second
pilot signals PS2. For example, when assuming that the slot
interval is 1 msec and the data transmission rate is 32 kbps,
continuous transmission is performed as shown in FIG. 16(a).
On the other hand, when the transmission rate is smaller than
32 kbps, transmission is performed burstly such as shown in
(b) and (o).

[0160] For example, when the transmission rate of data
signals is 16 kbps, the number of bits of the data signals per
one slotis 16. The slot multiplexing circuit 15 of this example
divides the 16 bit data signals into two parts each of which is
an 8 bitdata block DB. Then, as shown in (), a first data block
DB is placed to be adjacent to the first pilot signal PS1. A
second data block DB2 is placed such that the start of the
second data block DB2 is located at the center of the slot. As
shown in (c), also when the data transmission rate is 8 kbps,
datablocks of 4 bit unit are generated and the data blocks DB1
and DB2 are placed at predetermined points shown in FIG. 16
in the same way as when the transmission rate is 16 kbps.
[0161] In the following, processes in the interleave circuit
14 in the above-mentioned example will be described in
detail. It is conceivable to use an interleaver which has the
same number of columns as the number of slots per one frame
when the interleave circuit 14 performs an interleaving pro-
cess. However, when doing so, there occurs a following prob-
lem which will be described with reference to FIG. 17.
[0162] FIG. 17 shows an block interleaver having N col-
umns and the output data, in which each column which is read
out in the reading direction corresponds to each of N slots in
one frame. That is, the number of columns of the interleaver
is the same as that of slots between which slots pilots are
inserted.

[0163] As mentioned before, quality difference occurs bit
by bit in a slot according to transmission quality and the. For
example, quality of a bit adjacent to the pilot signal deterio-
rates as shown X in each slot of the output data shown in F1G.
17. The X in the output data corresponds to X in the inter-
leaver. When such data is deinterleaved, quality distribution
in a slot becomes the same as that in the deinterleaved frame
even after error correction decoding is performed. That is, bit
quality in a part near the head of the frame and a part near the
end of the frame is low. In digital transmission of voice, it is
generally seen that specific information is conveyed by a
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specific bit. Therefore, when quality is biased in a frame
although average bit error rate in a whole frame is the same,
the specific bit receives a detrimental effect so that voice
transmission quality deteriorates unexpectedly and there
occurs a problem in providing mobile communication ser-
vices.

[0164] Inaddition, when quality of a part close to the pilot
signal is better than that of a center part in a slot, DB2 shown
in FIG. 16 receives the above detrimental effect. That is, bit
quality in the center part of the frame deteriorates.

[0165] To avoid the above problems, an interleaver in
which the number of columns is twice as many as the number
of slots of the frame is used in this embodiment as shown in
FIG. 18. Accordingly, the first half of the first slot corresponds
to the first column, the latter half of the first slot corresponds
to the second column, the first half of the second slot corre-
sponds to the third column, the latter half of the second slot
corresponds to the fourth column, and the like. Thus, since the
relationship between the slot and the interleaver becomes as
mentioned above, when the data is deinterleaved, a deterio-
rated part and a not deteriorated part appear alternately in a
frame so that bit quality in the frame is flattened. Therefore,
the above-mentioned problems can be avoided.

[0166] In this example, when quality of the transmission
line is bad, since the accuracy of the reference phase in the
center part of the slot is improved, quality of the second data
block DB2 becomes better than that of the first data block
DB1. On the other hand, when the quality of the transmission
line is good so that the accuracy of the reference phase is
subject to fading characteristics, the accuracy of the reference
phase in the part close to the pilot signals PS1, PS2 is
improved comparing with that in the center part of the slot. In
this case, the quality of the first data block DB1 becomes
better than that of the second data block DB2. That is, even
when the state of the transmission line varies, transmission
quality of one of the first and second data blocks DB1, DB2
improves. In addition, as mentioned above, bit interleaving is
performed on a plurality of slots. Therefore, accordion to this
embodiment, transmission quality is not biased in a frame so
that normal quality can be assured.

[0167] Next, FIG. 19 shows a second example of slot con-
figurations according to the embodiment ofthe present inven-
tion. The slot multiplexing circuit 15 relating to this embodi-
ment may generate slots shown in FIG. 19 as well as slots
shown in FIG. 16. In this case, when the data signal transmis-
sion rate is 16 kbps, the slot multiplexing circuit 15 divides
the 16 bit data signals into eight parts each of which is one bit
data block. These data blocks are placed spaced at regular
intervals. Also when the data signal transmission rate is 8
kbps, one bit unit data blocks are generated and placed in
predetermined positions as shown in FIG. 19 in the same way
as when the transmission rate is 16 kbps.

[0168] Also in this case, the interleaving process in the
interleave circuit 14 is performed by using the interleaver
such as shown in FIG. 18. Therefore, data quality in a frame
is not biased after deinterleaving. Thus, also in this case in
which slots are configured as shown in FIG. 19, the transmis-
sion quality is not remarkably biased so that normal quality
can be assured as the case of FIG. 16.

[0169] FIG. 20 shows a third example of slot configurations
according to the embodiment of the present invention. The
slot multiplexing circuit 15 relating to this embodiment may
generate slots shown in FIG. 20 as well as slots shown in
FIGS. 16, 19. In this case, when the data signal transmission
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rate is 16 kbps or 8 kbps, the slot multiplexing circuit 15
places data signals in the center part of the first slot and places
data signals to be adjacent to the first pilot signal PS1 in the
next slot. After that, this placement is repeated so that whole
slots are configured.

[0170] Also in this case, the interleaving process in the
interleave circuit 14 is performed by using the interleaver
such as that shown in FIG. 18. Therefore, data quality in a
deinterleaved frame is not biased. Thus, since bit interleaving
is performed over a plurality of slots also in this case, the data
signal quality can be flattened whichever the transmission
quality is high or low. When the transmission rate is 8 kbps,
the data signals can be placed at each part of four equal parts
into which a slot is divided.

[0171] In the above-mentioned embodiment, the pilot sig-
nals are multiplexed in time. However as shown in FIG. 21, it
is also possible that the pilot signal is transmitted by using a
physical channel different from a physical channel used for
data transmission (transmit the pilot signals and data sepa-
rately) and the pilot signal is used for channel estimation of
the same slot interval, wherein the channel estimation is esti-
mation ofthe reference phase used for the synchronous detec-
tion.

[0172] In the following, an example corresponding to the
third object of the present invention will be described, in
which the data multiplexing method of the present invention
is applied to the data transmitter shown in FIG. 15. This can be
realized, for example, by replacing configuration parts 11~14
of the data transmitter 10 shown in FIG. 15 with the data
multiplexer 30 and by adding necessary circuits. In this case,
an interleaver in which the number of columns is twice as
many as the number of slots per one frame is used as the
second interleaver, and, randomization of the columns is per-
formed.

[0173] According to the configuration, following effects
can be obtained, in which, when the number of bits of trans-
mission data is small, bits are distributed uniformly in a
frame, and, further, bit quality in the flame is flattened. That is,
as shown in FIG. 22, when the number of columns is the same
as that of slots, transmission bits are always placed in the
forward part of each slot so that average bit error rate becomes
large. On the other hand, as shown in FIG. 23, when the
number of columns is twice the number of slots, transmission
bits are placed in the edge and in the center parts of each slot
so that average bit error rate can be smaller than that in the
case shown in FIG. 22.

[0174] In addition, by performing an interleaving process
shown in FIG. 24, following effects can be obtained regard-
less of the number of transmission data bits per one frame.
That is, bits can be distributed uniformly in the frame and bit
quality in the frame can be flattened.

[0175] InFIGS. 22~24, cases in which one frame=16 slots
and the number of columns=32 are shown. However, the same
effect can be obtained when one frame=15 slots, and the
number of columns=30.

[0176] In addition, when one frame=16 slots and the num-
ber of columns=32, it becomes possible to further improve
the effect of flattening bit quality in a frame by performing
partial permutation of columns in an interleaver as shown in
FIG. 25.

[0177] More particularly, according to this operation, col-
umns of the 32 column interleaver shown in FIG. 25(a) are
randomized so that the interleaver becomes as shown in (5).
Then, parts of columns as shown in (b) are permutated. (c)



US 2008/0165757 Al

shows a state in which data in the randomized interleaver is
mapped to each slot. The above permutations corresponds to
permutations which are indicated by the diagonally shaded
areas in (¢). O and X shown in (¢), indicate quality of corre-
sponding bit positions in each slot.

[0178] If such permutation is not performed, deinterleaved
data becomes a bit sequence shown in FIG. 25(d) in which
adjacent bits do not become OX alternately, instead, O
changes to X and vice versa every 15 bits so that the effect of
flattening bit quality can not be obtained even after error
correction decoding.

[0179] On the other hand, when the permutation is per-
formed, the bit sequence becomes as shown in FIG. 25(e) in
which O and X appear alternately every two bits. According
to the change between O and X every two bits, an effect
which is very close to an effect when O and X are changed bit
by bit can be obtained.

[0180] In the above permutation operation, since locations
for permutation operation are selected such that distribution
of average distances between bits is not changed, bits of a
channel are not biased in a frame so that an effect of maxi-
mizing error correction ability by channel coding can be
obtained.

[0181] Inthefollowing, a case whenthe number of slots per
one frame is 15 will be described. When the number of slots
per one frame is 15, it is possible to obtain the above both
effects of flattening bit quality and distributing bits by setting
the number of columns of an interleaver to 30. In this case,
there is a method in which the above-mentioned permutation
is not performed. In the method, a process shown in FIG. 26
as an example are performed by using a randomizing pattern
(Co, Cip, Cap, €. Cry Cog, Gy, Crgy G, G, €, G, G,
Cie Cag €y, Cyp, Gy, G, Cusy Cos, G, Cog, Cog, Gy, G,
C,;, C,, C, 5, C,,) for 30 columns.

[0182] By performing the interleaving process shown in
FIG. 26, a state after interleaved data is mapped into each slot
becomes as shown in FIG. 27. Data placement after deinter-
leaving becomes as shown in (a) when bit quality is as shown
in FIG. 27. That is, OX are changed every one bit to two bits.
Therefore, the above both effects can be obtained.

[0183] In the case when one frame=15 slots, a method of
permutation operation is as shown in FIG. 28.

[0184] First, columns ofthe 30 column interleaver shown in
FIG. 28(a) are randomized. For this randomization, the inter-
leave pattern for 30 columns shown in FIG. 11 is used. For the
columns shown in (b) which has been randomized, parts
which are shown in the figure are permutated. (¢) shows a
state in which data in the randomized interleaver is mapped
into each slot. The above permutations corresponds to per-
mutations indicated by diagonally shaded areas in (c). O and
X in(c¢) indicate quality of corresponding bit locations in each
slot.

[0185] If such permutation is not performed, deinterleaved
data becomes a bit sequence shown in FIG. 28(d) in which
adjacent bits do not become OX alternately so that the effect
of flattening bit quality can not be obtained even after error
correction decoding.

[0186] On the other hand, when the permutation is per-
formed, the bit sequence becomes as shown in FIG. 28(e).
Accordingly, an effect which is very close to an effect when
O and X are changed bit by bit can be obtained.

[0187] Th above-mentioned randomizing process can be
performed by using a pattern (C,, C,g, C, 0, Cs, C, 5, Css, Cs,
Cis, Cass Cg, Cias Cogy €y, Gy, Coy, G, Gy o Gy, Cras
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Cas Cio, Co, Cog, Cpp, Gy, €5, Cpy, Gy, Cyy) in which
columns have been permutated.

[0188] In the above permutation operation, since locations
for permutation operation are selected such that distribution
of average distances between bits is not changed, bits of a
channel are not biased in a frame so that an effect of maxi-
mizing error correction ability by channel coding can be
obtained.

[0189] When one frame is 16 slots, above both effects are
obtained by setting the number of columns of the interleaver
as 32 and by performing the partial permutation of columns.
When one frame is 15 slots, the both effects can be obtained
only by setting the number of columns of the interleaver as 30.
As is evident from this, by performing the partial permutation
of columns as necessary according to the number (twice the
number of slots) of columns of the interleaver which is
decided from the number of slots per one frame, the both
effects of flattening bit quality and distributing bits can be
obtained

[0190] As mentioned above, according to the data multi-
plexer of the present invention, even when the number of
channel bits which are multiplexed is small, bits are mapped
into whole frame and the error correction ability by channel
coding is exerted at the maximum. In addition, since an inter-
leaver common to each channel is used, the hardware scale
can be decreased.

[0191] Further, as for interleavers used in the data multi-
plexer of the present invention, the number of columns of the
first interleaver is decided when the interleaving span is
decided, and the number of columns of the second interleaver
can be set as the number of slots of the frame or an integral
multiple of the number of slots of the frame. When the num-
ber of columns is decided, the pattern is decided. Therefore,
according to the present invention, the number of patterns
which needs to be decided can be decreased. Further, since
the number of columns of the second interleaver can be set as
the number of slots of the frame or an integral multiple of the
number of slots of the frame (when one frame is 15 slots, 15
or an integral multiple of 15, and, when one frame is 16 slots,
16 or anintegral multiple of 16), the pilot symbol and data bits
can be placed continuously. Therefore, the apparatus can be
simplified comparing with other methods.

[0192] Further, according to the data transmitting method
of'the present invention, since data is distributed in a slot and
an interleaving method suitable for the distributed placement
is used, data transmission error rate can be decreased, and, bit
quality in a frame can be flattened.

[0193] Furthermore, since the partial permutation of col-
umns is performed as necessary according to the number of
columns of the interleaver, an apparatus which has the both
effects of the data multiplexing method and the data trans-
mitting method of the present invention can be provided.
[0194] The present invention is not limited to the specifi-
cally disclosed embodiments, and variations and modifica-
tions may be made without departing from the scope of the
invention.

1. A receiving method comprising steps of:

receiving symbols arranged in slots in a frame;

reading out at least a portion of the received symbols from
a slot in the frame;

storing in memory the read out symbols in a plurality of
groups, each group having F symbols, wherein F is N
times a number of the slots in said frame and N is an
integer larger than 1, wherein the storing step includes
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respectively storing the read out symbols at a same pre-
determined position in each group so that one read out
symbol is stored in each group; and

repeating the reading out and storing steps until all of the
symbols in the frame are stored in the memory.

2. The method of claim 1, further comprising:

decoding the symbols stored in the memory.

3. The method of claim 1, further comprising:

determining each predetermined position according to a
predetermined rule.

4. The method of claim 1, further comprising:

reading out the stored symbols from said memory group by
group into a frame.

5. A receiving method comprising:

receiving symbols arranged in slots in a frame;

reading out at least a portion of the received symbols from
a slot in the frame;

step for storing in memory the read out symbols in a plu-
rality of groups, each group having F symbols, wherein
F is N times a number of the slots in said frame and N is
an integer larger than 1, wherein the storing step includes
respectively storing the read out symbols at a same pre-
determined position in each group so that one read out
symbol is stored in each group; and

repeating the reading out and storing steps until all of the
symbols in the frame are stored in the memory.

6. The method of claim 5, further comprising:

a step for decoding the symbols stored in the memory.
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7. The method of claim 5, further comprising:

a step for determining each predetermined position accord-

ing to a predetermined rule.

8. The method of claim 5, further comprising:

a step for reading out the stored symbols from said memory

group by group into a frame.

9. A receiver, comprising:

awireless interface configured to receive symbols arranged

in slots in a frame and read out at least a portion of the
received symbols from a slot in the frame; and

a deinterleaver having a memory configured to store the

read out symbols in a plurality of groups, each group
having F symbols, wherein F is N times a number of the
slots in said frame and N is an integer larger than 1,
wherein the deinterleaver is configured to control the stor-
ing of respective of the read out symbols at a same
predetermined position in each group so that one read
out symbol is stored in each group, and to repeatedly
read out and control storing of the symbols until all of the
symbols in the frame are stored in the memory.

10. The receiver of claim 9, further comprising:

a decoder configured decode the symbols stored in the

memory.

11. The receiver of claim 9, wherein the deinterleaver is
configured to determine each predetermined position accord-
ing to a predetermined rule.

12. The receiver of claim 9, further comprising:

reading out mechanism configured to read out the stored

symbols from said memory group by group into a frame.
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